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ABSTRACT 
This study examines the relevance of the efficient markets paradigm in the context of the 
Chinese market since its inception. Risk characteristics of Chinese stock markets have been 
evaluated from the traditional volatility (GARCH) models as well as behavioural (STAR 
GARCH) models. The use of the STAR GARCH model offers perspective into the non-
market risks which have been taking place since the stock markets inception and 
contribute to the literature by creating a greater understanding of the strategic behaviour of 
investors. The study found that strategic behaviour is not static and has undergone 
dynamic shifts over time as a number of policy changes and structural shifts have taken 
place. As such Market efficiency has been tested with the findings concluding that the 
STAR GARCH model has in most cases provided superior results to the conventional 
GARCH models used. Conclusions regarding market efficiency in China were not strongly 
supported with empirical evidence in this study. 
Keywords: GARCH, STAR-GARCH, A share market, B share market, speculative, 
segmented. 
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CHAPTER I 
INTRODUCTION 
The Chinese economy has witnessed rapid growth in the last three decades, 
recording an average growth rate of 10 percent per annum (Bosworth and Collins, 2008; 
Bai and Qian, 2009; Ding and Knight, 2009). China surpassed Japan as the second 
largest economy in the world (Economist, 20101). The main impetus for rapid economic 
growth in China is based on inviting foreign direct investment (FDI) and increasing 
manufacturing production and exports (Song et al, 2011). Along with the growth of the 
real sector, the financial sector has also witnessed considerable reforms. The financial 
sector in China was transformed from a mono-bank system to a more diversified, 
multilayered system with a central bank at the helm (Boyreau-Debray and Wei, 2005). 
The State-owned banks were relieved from policy lending duties through the creation of 
policy banks, and the banking law laid the foundation for commercially-oriented 
banking. Interbank, securities, equity, and foreign exchange markets have been 
established and progress has been made in the use of indirect instruments of monetary 
policy. China has embraced the state capitalism model where free markets exist along 
with state capitalism. Since the early 1990s, China has moved towards increased 
privatization of state-owned enterprises. The development of the stock market is one of 
the central features of the changing Chinese economy. 
The stock market in China is relatively young as the two stock exchanges in 
Shanghai and Shenzhen were established in 1990. These exchanges listed stocks of 
privatized state owned enterprises. A unique feature of the Chinese stock markets is the 
1 http://www. economist, com/bloes/freeexchanve/2010/08/china 0 (accessed on May 
23, 2011) 
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segmentation between A and B shares. The ownership of A-shares, which are 
denominated in Chinese Renminbi, is restricted to domestic investors, while B-shares, 
which trade in USD in Shanghai and HKD in Shenzhen, are exclusively available to 
foreign investors. Since February 17, 2001, the Chinese government allowed B-shares to 
be traded to domestic investors. Qualified foreign institutional investors have also been 
permitted to trade in A-shares. Besides these institutional changes, beginning in 2005 the 
Chinese government initiated the "reform of non-tradable shares". Mei (2005) has 
analysed the relationship between A and B shares and has concluded that there is 
evidence of domestic shares being positively related to their turnover rate. Prior to 
2005, nearly two-thirds of shares of Chinese listed companies were non-tradable. With 
the gradual floating of non-tradable shares, the real market value of shares began to be 
realised and contributed to the rising stock prices since 2005 ( Sun and Zhang, 2009). 
These policy reforms contributed to the rapid growth of the stock market in China, 
which in 2011 has more than 2000 listed firms and where the market capitalization of 
firms listed in the Shanghai stock exchange comes to nearly 100 per cent of the Chinese 
GDP. In China, the Shanghai stock exchange is the sixth largest equity platform in the 
world with a market capitalization of USD 3 trillion. 
There are a limited number of studies on the market efficiency of the Chinese 
stock market (Lima and Tabak, 2004) as well as whether the valuation of stocks is 
driven by fundamental factors or speculative factors (Chow et al., 2002 and Xiao, 2007). 
There is considerable interest in recent times concerning the possible linkages between 
the behavioural aspects of investors and stock prices and volatility (Kang, Liu and Ni 
2002; Balsara, Chen and Zheng, 2007; Lin, 2008; Li and Zhang, 2008). Some 
researchers argue that the Chinese stock market is lopsided as, with short selling banned, 
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investors only have the option of selling their stocks to an optimistic investor in the 
future. This contributes to irrational exuberance and herd behaviour, and propagates 
bubbles in equity markets (Mei at al., 2009). Chinese companies in recent times, 
especially since 2008, have commanded valuations 20 to 30 per cent above those in the 
United States and the European Union (Cogman and Wang, 2011). Traditionally 
companies in emerging markets have traded at a discount on all metrics of valuation. 
That the Chinese market does not do so has raised questions about valuation and 
volatility over time in Chinese equity markets, and whether or not changes in volatility 
are induced by regime changes. This study's main aim is to examine the nature and 
extent of volatility in stock prices of Chinese firms and the risk-return matrix of these 
firms. Using the Thompson Financial Datastream database and the GTA online 
database, this study offers an in-depth analysis of the degree of volatility displayed 
over time, as China has gone through a number of regulatory and structural (regime) 
changes for the period 1994 to 2010 using high frequency (daily) data. This study 
adopts various subsets (1994-1998; 1999-2001; 2002-2006; 2007-2011) so as to bring 
out differences in various sub periods in Chinese equity market developments. 
This study will assess the impact of a number of conventional GARCH models in 
order to glean information about the changing dynamic of China's stock markets. In 
contrast to the conventional models, the smooth transition autoregressive (STAR-
GARCH) model will also be tested. The inclusion of the STAR-GARCH model will 
allow investigation of how investor behaviour has changed over time in the Chinese 
markets, as well as providing insights into how this model compares relative to those 
market (GARCH) models. 
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This paper contributes to the literature on behavioural volatility models and their 
relation to Chinese asset (stock) prices. Research in this area for China is currently 
limited and the topic is an important and quickly changing one. Others (Kang, Liu and 
Ni, 2002; Balsara, Chen, and Zheng, 2007; Lin, 2008; Li and Zhang, 2008) have 
performed tests on behavioural aspects of volatility. However, the data used as proxies 
for investor behaviour are not consistent and largely track short time horizons. The 
present study introduces a stylized model which benefits from its simplicity in the 
application of volatility modelling. Additionally, due to the changing investor dynamic 
as well as a number of policy changes, this paper seeks to understand the degree to 
which volatility can transmit shocks overseas. Research concerning behavioural asset 
pricing models is still early and there is much to learn about markets with the use of 
these models. This rings true in the case of China's stock markets and is especially 
important due to China's growing importance in the global economy. 
The following chapter are organised as follows. Chapter 2 presents a brief 
history of the financial system developments. The history summarizes the development 
of China's financial system as it has progressed though the late 1970's up until present 
day. This allows for a greater understanding of the many reforms and policy shifts 
which the financial system has undergone. Chapter 3 introduces a review of many of 
the techniques employed in this paper as well as the development of volatility models in 
general. Chapter 4 further examines the methods used in this paper, primarily focusing 
upon the GARCH models used as well as accompanying diagnostics. Chapter 5 outlines 
the results of the model evaluations along with a brief overview of policy implications. 
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Finally the paper concludes with a summation of findings as well as possible directions 
for future research. 
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Chapter II 
China's History of Financial Development 
This chapter consists of a broad chronological outline of China's financial 
development from the early reform period of 1978 to the year 2011. The purpose is to 
offer the reader a succinct review of the various interrelationships and developments that 
have propelled the economy. The economy's successes will be detailed, as well as the 
problems it has encountered that have required mending along the way. Firstly, the early 
reform period is covered, tracing the development of the economy from 1978 to the 
early 1990s and offering a perspective on the early transformation of an economic 
engine focused on agriculture to an economy with its sights set away from agriculture 
and increasingly moving eastward. Secondly, the drastic transformation in the 1990s is 
covered, tracking the rapid acceleration of the economy as the engine of growth takes 
new shape. The exchange rate becomes a paramount key to this growth, along with the 
expanding banking system. This second reform period is, however, not without its 
various challenges as China faces constant threats to the real economy from such 
sources as inflation and runaway bank loans. Thirdly, the phase after the Asian crisis is 
covered, presenting the various policy developments instituted which have further 
progressed China. This section offers a perspective into the new challenges which have 
been encountered, such as the threats to the economy that the Asian crisis put upon the 
real economy or the calls for exchange revaluation by trading partners. Ultimately this 
chapter offers a summation of the various changes the Chinese economy has undergone 
along its developmental path, and contributes to this thesis by creating a greater 
understanding of the numerous intricacies of Chinese financial development. 
2.1 Early Reform Period 
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In 1978 China began the process of instituting market oriented reforms with the 
intent of growing an outward looking and prosperous economy. The legacy financial 
system in China consisted of a mono banking system with limited financial instruments 
and rudimentary stock or debt market. Reforms of the banking system began 
immediately with the transformation of the mono banking system to the establishment of 
four policy banks: the Industrial and Commercial Bank of China (ICBC); the 
Agricultural Bank of China (ABC); the Bank of China (BOC); and the China 
Construction Bank (CCB). A central bank, The Peoples Bank of China (PBOC), was 
also established. The initial idea was for each bank to serve a specific function and 
direct the majority of its attention to a select user base. In 1984 the policy banks took 
over deposit and lending functions from the PBOC and were then responsible for 
supplying China's many state owned enterprises (SOE) with working capital and fixed 
asset loans. 
The development of the rural portion of China's financial system focused on 
rural credit cooperatives (RCCs) which acted under the ABC and performed services as 
the principal financial system operating in the rural area. In 1978, the RCCs lent only 
27% of the deposits collected out to rural borrowers. Through legal reform involving 
farm households and the establishment of rural enterprises, loans jumped to 34% in 
1983, 57% in 1984, and reached 65% in 1988 (Woo, 2005). Around this time, in 1983, 
the PRC also instituted new financial reforms against rural financial institutions which 
turned each bank into an independent accounting unit, separating its income statements 
and other accounts from the government budget. The new goal was profit maximization 
achieved through such metrics as repayment rates and net revenues (Shen and Rozelle, 
2005). 
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In 1980 Special Economic Zones (SEZs) were developed in order to facilitate 
China's opening up and also to foster a market with exports contributing a greater share 
of growth. SEZs were focused on coastal regions and, as a result, economic 
development policy shifted away from the rural areas. This shift was successful due to 
the special privileges SEZs were granted in order to encourage FDI, such as: profit tax 
exemptions and reductions, import tariff reductions, and special licences to conduct 
trade in certain products (Zhao, 2006). Another reform which helped the SEZs in their 
pursuit of FDI was the allowance of foreign banks to be introduced in SEZs. This was 
later scaled up to all domestic banks in 1986. 1986 also marked the inception of China's 
first formal bankruptcy law. However, this was limited to SOEs and would not be 
expanded outside of SOEs until 1999 and again in 2006 (Franklin, Qian, Qian and Zhao, 
2008). 
Inflation in China during the initial reform period of the late 1970s and 80's was 
present during a number of periods, as seen in figure 2.2. This inflationary period can be 
explained through the gradual credit expansion which affected the money supply, as well 
as the gradual liberalization of market and price controls. Much of these price and credit 
controls affected the agricultural sector and were responsible for increasing incomes and 
profitability thus increasing the aggregate demand. Credit increases came from the 
increased autonomy being granted to SOEs and banks during this period. These credit 
increases were funnelled through the economy and ultimately led to the eventual 
inflationary tendencies. The regulatory solution to this inflation problem was primarily 
to cut credit, raise interest rates, and postpone investment projects and price 
liberalization. 
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2.2 1990s Reform Period 
The initial period prior to China's drastic reform focused the engine of economic 
growth upon China's agricultural sector. This changed dramatically in the 1990s. China 
had continued with the pace of development in the financial sector when in 1990 it 
established the Shanghai stock exchange and then in 1991 established the Shenzhen 
exchange. Additionally, from 1985 to 1992, the Chinese government gradually 
introduced small and medium sized banks in order to encourage greater competition. 
The focus of the banks was to offer services targeting households and firms. The 
development of the stock indices signified the breadth of financial development which 
was taking place in the continually expanding financial sector. 
i< 
14 
i: 
10 
III II 
Figure 2.1: China - GDP Growth - 1979-2009. 
Source: World Bank Online Database 
While the stock markets are still relatively young, they have demonstrated strong 
growth despite a lack of depth in legal and institutional structures. The markets are 
constituted of A-share markets and B-share markets, which are distinguished by the 
restriction of A-share markets to domestic investors and B-share markets to foreign 
investors. However, these restrictions were lifted in 2001. A predominant difference 
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between the two markets is that the A-share market experiences much more trading 
activity than the B-share market; the average trading volume of the A-shares is 420% 
greater than B-shares, with a corresponding difference in turnover rates at 500% versus 
100% (Mei et al, 2009). 
Leading up to 1994, the big four banks were responsible for loaning to SOEs as 
part of a larger investment plan laid out by the central government, but were being 
hindered due to the accumulation of non-performing loans (NPLs). This credit 
expansion accelerated and resulted in overheating and a rise in inflation from 6% in 
1992 to 13% in 1993. To combat the overheating, regulatory authorities began to 
reformulate policy. This was not before an inflationary high of 27% in 1994. At this 
point, regulatory police began to move in a different direction as the depth of market 
reforms was not being contained with the policy command style popular in the past. 
The new monetary policy beginning to take shape moved towards money supply 
controls as well as market oriented solutions, such as open market operations, interest 
rate policy, required reserves, window guidance, etc. Following the change in policy, 
inflation was suppressed in 1996 to 5%. 
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Figure 2.2: China - Inflation Indicators based on CPI and GDP Deflator-
1987-2009 
Source: World Bank Online Database, National Bureau of Statistics China 
Note: GDP deflator indicated by dashed line, CPI by continuous line 
As part of the reform of NPLs, 3 new policy banks were created: the Export-
Import Bank of China, the China Development Bank, and the Agricultural Development 
Bank. These new policy banks began to offload the policy loans which the big four had 
collected while the big four assumed their roles as largely commercially oriented banks. 
In 1995, as a result of poor efficiency considerations and relaxed budget constraints by 
the SOEs, bank reforms were further developed. Regulators for banking, security and 
insurance were created with an aim to introduce the beginnings of prudential regulation. 
The commercial bank law and the central bank law were also introduced in 1995 which 
were important as they legally confirmed, ensured and protected the independent 
operations of commercial banks (Liang 2008). 
Meanwhile, RCCs had begun to amass bad loans which left the PBOC with the 
decision to re-assume control of the RCCs in 1997. As a result of the new marriage 
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between RCCs and the PBOC, many rural borrowers suffered and informal lending 
flourished (Jia and Guo, 2008). The balance of agricultural loans from RCCs accounted 
for 77% of the balance of agricultural loans for all financial institutions at the end of 
2001 (Liu, 2008). Because of the policy interference and non liberalized interest rate, 
the returns of the RCCs couldn't make up the losses and costs. At the end of 2002, the 
NPLs of the RCCs stood at 514.7 billion Yuan, accounting for 37% of their total 
outstanding loans (Liu, 2008). 
In 1994, a series of reforms and developments were introduced which were 
instrumental in re-balancing China's growing economy. Firstly, China's dual track 
exchange rate, which held sway from 1988 to 1993, was abolished in favour of a unified 
de facto fixed exchange rate. This was facilitated by introducing a swap rate. The 
official exchange rate was shifted from periodical adjustment to a managed float which 
allowed the swap and official rates to be better synchronized as adjustment of the 
official rate was now more frequent. However, the price distortion and rapid trade 
liberalization led to greater import growth than export growth, and inflation rose soon 
after with the CPI sitting at 18.8% in 1988. This led to reforms meant to control the 
exchange rate system and introduce supervision and monitoring. This tightening of 
regulations and restrictions was subsequently stopped in 1991. The second crucial 
reform was China's fiscal decentralization. This was necessary to raise the struggling 
government revenue. It also saw the central government's share of revenue becoming 
greater, as well as increasing the growth of provincial revenues. 
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Figure 2.3: Trends in Loans of Big Four Banks in China- 1998-2008 
(RMB). 
Source: Thompson Financial Datastream, Peoples Bank of China 
The new consolidated exchange rate was set at RMB 8.7/ USD (McKinnon, 
Schnabl, 2009). The new unified rate worked under a market based managed float 
mechanism with a band of +/- 0.3% per trading day. After unification, the current 
account balance adjusted back into surplus. However, the exchange rate also began to 
appreciate and, as a result, foreign exchange reserves spiked from $30.5 billion USD to 
$51.6 billion USD, a consequence of attempts to dampen the appreciation. The 
exchange rate appreciation also led to expectations of further appreciation, and with 
those expectations came an increase of capital inflows. These inflows counterbalanced 
attempts to subdue the overheating which still presented dangers to the economy 
Due to the undervaluation of the Yuan, export growth in China has surged and 
been the predominant impetus of economic growth for much of China's recent 
development. The export growth further drew attention away from rural areas and 
towards urban coastal provinces of China. In recent years, this shift has contributed to a 
widening income disparity. 
While overheating in the economy still posed a danger, capital outflow 
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restrictions and increasing restrictions upon the sales of foreign exchange from capital 
account transactions were carefully relaxed. One policy to facilitate this was profit 
repatriation of foreign investments introduced in 1995. In 1996, foreign exchange was 
allowed to flow outward for those with foreign currency accounts. The ceiling on 
individual purchases of foreign currency was increased in 1996 and again in 1997. 
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Fig 2.4: China - change in Exports and Imports: 1994-2009 
Source: World Bank Online Database 
2.3 After the Asian Crisis 
Following the Asian crisis in 1997, there were increasing concerns that capital 
outflows may create problems in China. These concerns were based on devaluation 
rumours and the differential between foreign and domestic interest rates. Although the 
current account did not falter from its surplus, the capital account deteriorated and 
capital flight was a concern. While the balance of payments fell from $36 billion in 
1997 to $6 billion in 1998, the exchange rate was not devalued and capital flows were 
kept in check with capital control safeguards. 
The magnitude of NPLs was still high at this point and the proposed solution 
was to inject funds into the financial system and to create asset management companies 
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(AMCs) to help alleviate the risks. In 1998, 270 billion Yuan was injected into the four 
policy banks, and in 1999, four AMCs were created with a mandate of resolving the 
over 1.4 trillion Yuan of NPLs created by the big four (Liang, 2008). 
The stock markets spent the better part of the 1990s experiencing positive 
growth; however, around 2000 they reached their turning point and experienced five 
years of losses where half of their market capitalization was lost (AQQZ, 2008). The 
stock markets also exhibited a high magnitude in their turnover velocity suggesting that 
there was a strong presence of speculative trading involved (Table 1.1). The speculative 
trading in the stock markets was partly a consequence of the continued assistance of the 
PRC given to ailing SOEs. The degree to which the state was integrated in the stock 
market was reflected by the fact that after nearly a decade of existence, more than 90% 
of all listed firms were state owned enterprises (Wong, 2006). As a result of the 
financial repression taking place and of an abundance of state involvement, domestic 
investors found themselves acting more as speculators and less as fundamentalist 
investors (Wong, 2006). 
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Table 1.1 Turnover Rate (%) of Chinese Stock Markets - 1994-2006 
Shanghai Shanghai Shenzhen Shenzhen 
A B A B 
1994 1471.48 88.04 638.39 35.13 
1995 630.32 58.34 268.1 37.28 
1996 1035.55 74.57 1295.32 139.26 
1997 758.07 122.62 813.95 99.88 
1998 475.55 57.23 396.09 34.1 
1999 483.73 116.19 399.09 86.63 
2000 506.33 145.13 496.58 115.3 
2001 216.67 452.26 190.3 423.47 
2002 208.74 95.99 194.37 83.55 
2003 268.58 64.26 219.74 138.17 
2004 288.71 58.29 311.78 110.04 
2005 290.7 58.49 350.64 88.21 
2006 564.5 149.81 671.34 154.65 
age 553.76 118.55 480.44 118.90 
Source: China Securities and Futures Statistical Yearbook (2007); Liang (2010) 
After the inflationary periods of the early 1990s, China ran into a series of 
deflationary periods. Following the Asian crisis, China experienced deflation from 1998 
to 2000. This period can be explained by a number of reasons, primarily that the 
negative demand shock in the wake of the crisis affected the inflation levels. 
Additionally, the effects of the credit supplies being depleted were still being felt among 
SOEs in conjunction with the drop in wages as a result of the stringent SOE reform. 
The next deflationary period can be seen in figure 1.3 in the period of 2001 to 2002. 
This deflation period has been described as a positive supply shock, which is a 
consequence of SOE reform reflecting increased overall efficiencies as well as advances 
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improving technological efficiency 
After 2002, the USD experienced a depreciation partly as a result of the RMBs 
inflationary impact on the dollar. This, as a result, led to an increase in China's trade and 
current account surpluses and subsequently a surge in China's reserve growth. 
Speculative inflows began to increase into China as retention of the dollar peg was being 
bet against. Finally, in 2005, the exchange rate was appreciated after numerous and 
intensifying calls for a revaluation by many of China's trading partners who cited an 
undervalued RMB and an unfair currency arrangement as reasons for change. China 
again allowed the RMB to appreciate slightly against the dollar in 2007 and 2008 which 
also helped to alleviate inflationary pressure. As China's economy entered a downturn 
in the post sub prime crisis at the end of 2008, it also began to experience a reversal and 
saw inflows turn to outflows (Setser 2009). 
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Figure 2.5: Non-Performing Loans of Big Four Banks in China 
2000-2008 
Source: Datastream, Peoples Bank of China 
In 2002, China introduced the Qualified Foreign Institutional Investor (QFII) 
programme which has been an important step in the liberalization of China's capital 
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flows. This programme allows a number of long established foreign institutional 
investors to bring in funds to invest in a specified range of domestic financial assets, 
subject to quotas for each institution as well as the overall amount (Garcia-Herrero, 
Gavila and Santabarbara, 2006). In 2006, the Qualified Domestic Institutional Investor 
(QDII) programme was introduced which allowed domestic financial institutions to 
invest abroad. 
Since 2000, the following regulating institutions were established to oversee 
China's banking system, securities system, and insurance system: the China Banking 
and Regulatory Commission (CBRC); the China Securities Regulatory Commission 
(CSRC); and the China Insurance Regulatory Commission (CIRC). The PBOC also 
maintains responsibilities as a regulatory institution and performs functions primarily 
related to the overall health of the financial system. 
The continued capital liberalization has increased capital flows. In order to 
contain these increases the PRC has carried out sterilization of fiinds so as not to 
dramatically overheat the economy. Sterilization involves buying and selling foreign 
exchange of USD and storing the excess as reserves. This system has been in place for a 
number of years. However, the pressure of excess liquidity has found a transmission 
mechanism into the consumer prices through asset prices and real estate price inflation. 
Following the 2007 global financial crisis, China injected a large amount of capital into 
the economy in order to sustain growth and investments. This injection has resulted in 
increased net capital inflows and the excess liquidity seen in figure 2.6. 
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Fig 2.6: China - Domestic Liquidity - 1979-2009. 
Source: World Bank, Datastream, Peoples Bank of China 
A number of other reforms have also been introduced in recent years, such as the 
2004 Securities and Investment Funds Law, the 2006 Company Law and the Securities 
Law which were both later amended, the 2007 strengthening of China's bankruptcy law, 
and the 2009 Law on Insurance. By introducing legal and institutional reforms such as 
these, China has further deepened its increasingly sophisticated financial system (Herd, 
Hill and Pigott, 2010) 
This chapter has outlined the drastic improvements and innovations which China 
has introduced over the last 30 years. It has also shown that China's financial system 
will only grow in sophistication as it further develops in the coming years, as the 
derivative markets and the corporate bond sectors are alive, well and growing in tandem. 
With this increased depth comes also the increasing complexity where new problems 
will show themselves and old problems will only grow more persistent. The next chapter 
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will outline just one of many of those characteristics of China's relationship with stock 
volatility and the peculiarities which have arisen. 
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Chapter III 
Literature Review 
This chapter briefly reviews the literature in the area of stock market volatility, 
especially in the context of China, and also examines volatility through the presentation 
and empirical investigation of three interconnected hypotheses: with increased financial 
deepening and sophistication, there is increased volatility; non-market risk has 
contributed to China's volatility more than its market risk; and investor sentiment has a 
significant effect on market volatility. 
The volume of literature concerning stock market volatility modelling in China is 
not sparse (Lee and Rui, 2000; Lee and Chen, 2001; Su and Fleisher, 1999; Yang, 2003; 
Bailey, 1994; Chelley-Steeley and Qian, 2005). There is a great deal of interest in the 
Chinese economy, reflecting its global prominence in recent years. The volatility of 
China's equity markets and the development of a greater understanding of such volatility 
are of growing importance. This importance is characterized by the following: firstly, 
Chinese firms have raised their international profile in the global market meaning that 
their impact on global markets is substantial and increasing; secondly, Chinese firms are 
listed not only in Chinese stock exchanges but across important financial centres, such 
as prominent stock exchanges in Europe and North America; thirdly, Chinese firms have 
become important players in the global merger and acquisition (M&A) race and, in 
recent years, their global M&A have increased substantially through the outward-FDI 
route (Ng, 2008, 2009; Ng, Yuce and Chen, 2009). 
This study contributes to the existing literature on Chinese stock market 
volatility and asset prices. Currently, the research in this area is limited though the topic 
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is an important one from the standpoint of global financial stability. This study aims to 
explore the existing volatility in China which has been undergoing many regime 
changes as China continues its push towards a market-oriented economy. This study 
will review the current research of the measurement and quantification of China's equity 
market volatility from both a conventional and a behavioural perspective. The 
behavioural aspect is important in that it incorporates great insight into the dynamics of 
price formation and in its explanation of agent behaviour. In this chapter, an attempt is 
made to provide a brief explanation of the predominant characteristics of stock market 
volatility, followed by a history of volatility modelling and the presentation of various 
models which have been encountered in the literature. This summation also offers 
insight into findings of volatility research with respect to China's stock markets. 
3.1 Characteristics of Volatility 
Every stock market around the world is affected by price volatility. It is an 
inherent characteristic and cannot be avoided. The danger of volatility has also been 
recognized for a number of years as evidenced by the eminent John Maynard Keynes 
(1936) who described volatility as being associated with speculators and bubbles. Not 
only contributing to unpredictable markets, volatility also has the potential to devastate 
the real economy and create financial and economic crises. Excessive volatility 
transmits to the real economy by way of interruption of the ability of stock markets to 
efficiently allocate capital. The result of this interruption is that interest rates are pushed 
upwards as uncertainty increases. This creates a disturbance in the level of investment, 
pushing it downward, which ultimately has a negative impact on economic growth 
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(Federer, 1993; De long et al, 1989; Arestis et al, 2001). 
While there is a clear relationship between stock market volatility and economic 
growth, the relationship between volatility and financial liberalization is not as defined. 
As discussed above, the increasing deepening and sophistication of the Chinese markets 
has been a consequence of the gradual financial liberalization which has been a 
component of China's development plan. The causal effects of financial liberalization 
have been researched in a number of studies, Bakaert and Harvey, (1997); De Santis and 
Imorohorglu, (1997); Huang and Yang, (1999) with no clear consensus being reached. 
This lack of agreement could be the result of a multitude of factors, such as political 
risk, reform periods, measures of financial liberalization, development of the stock 
market, period variation in specific studies, etc. This study seeks to shed light on this 
issue as it states its first goal is to cover China's financial liberalization and the effects 
on volatility. Parallel to this goal is exploring the understanding of volatility spillovers 
as a result of financial liberalization. The spillover volatility will be important in 
uncovering the degree to which China's financial reform has affected overseas markets 
and the dangers which could very well be transmitted. 
The use of volatility models in attaining the goals of this paper should be chosen 
such that those models effectively reflect stylized facts of volatility. These five stylized 
facts as suggested by Engle (2001) are as follows: 
1) Volatility Persistence - This persistence is observed as clustering pockets 
of volatility. This has been observed in a number of studies (Mandelbrot, 
1963; Fama, 1965; Chou, 1988; and Schwert, 1989). 
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2) Mean Reversion - Regardless of volatility spikes over time, the level of 
volatility will find its equilibrium value and return to it over time. 
3) Asymmetric Impacts (Leverage Effects) - New events can have differing 
degrees of impact on the volatility depending on whether they are 
positive events or negative events. Early volatility models did not 
necessarily account for this. However, it has been observed in a number 
of different studies (Black, 1976; Christie, 1982; Nelson, 1991; Glosten et 
al, 1993; Engle andNg, 1993). 
4) Exogenous Influences - Volatility does not exist in a vacuum. Exogenous 
variables are more than capable of influencing the volatility of asset 
prices. The mechanism for this could be any new information which is 
received and evaluated by market agents. Early studies have 
discussed this (Bollerslev and Melvin, 1994; Engle, Ito and Lin, 1990). 
5) Fat Tails - The existence of volatility is not without the characteristic fat 
tails and excess kurtosis which are not uncommon in asset returns. 
These stylized facts of volatility will assist in the assessment of the volatility 
models used in this study. The GARCH classification of models that will be used are 
generally regarded by researchers as providing strong results in not only forecasting 
volatility but also in reflecting the stylized facts listed above relative to past volatility 
models. A short history of volatility models, including the GARCH models, will be 
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discussed in further detail below. 
HI) with increased f inancial  deepening and sophis t icat ion,  there is  increased 
volatility; 
3.2 Volatility in China 
As China's stock market system is still in its adolescence, it has exhibited a 
number of peculiarities which differentiate it from the stock markets of more advanced 
economies. One of these peculiarities concerns market segmentation into the A-share 
and B-share markets. These markets in China have almost identical characteristics. 
However, until 2001, the A-share market was the market for domestic purchasers while 
the B-share market was for foreign investors. One interesting deviation between these 
two markets is the price premium in the A-share market. The relative prices being paid 
between the two markets was higher in the domestic market than in the foreign market. 
This peculiarity has been explained by a number of reasons: lack of alternative 
investment opportunities for domestic investors, expectation of a Chinese devaluation, 
or a sizable home bias (Fernald, Rogers, 2002). The consensus however has swayed 
towards the lack of alternative investments. 
The A- and B-share markets have displayed some interesting characteristics 
concerning their volatilities. In an early study of the relative volatilities of A- and B-
share markets, Ma (1996) found A-share beta is high when the A-share price is also 
high, and that the B-share market premium is negatively related to the domestic beta. 
Ma's findings highlight the profitable strategy for Chinese investors was irrational and 
highly risky. Additionally, the speculative component of domestic investment was 
arguably caused by the fact that domestic investors were still undergoing a learning 
process in investing and that the lack of alternative investment options created a 
speculative environment for the traders as a result (Tong, Sun, 2000). These irrational 
investors are enough to influence the market as Tenev, Zhang, and Brefort, (2002:77) 
point out, as, until 1999, individuals held 25 percent of the 30 percent of tradable shares 
and institutions held only 5 percent. 
China's stock market is still young and displays a number of qualities which 
make it relatively simple compared to the advanced stock markets of the world. The 
reason for this simplistic system is due to the restrictions which have been in place since 
the stock markets' inception. These include, for example, the restrictions on short sales, 
the separation of A- and B-share markets, and the absence of a futures market. In this 
environment, Mei, Schenkman and Xong, (2009) argue that heterogeneous beliefs create 
speculative motives for investors as asset owners can generate income not only from the 
cash flow of the assets that they own, but also from the sentiment of other investors, 
creating the possibility to profit from a purely speculative standpoint. In the 1990s, the 
accumulation of speculative investors, dramatic policy changes, and pressures for flows 
of speculative capital were contributing factors to the volatile stock market in China 
(Hong et al, 2004). 
3.3 EMH and Behavioural Finance 
This paper seeks to examine aspects of volatility in the Chinese stock market. 
This thesis' view is that is that China is undergoing a drastic change in its stock market, 
affecting not only its domestic investors, but also foreign investors and countries abroad. 
In order to examine this issue fully, the volatility models brought forward in later 
chapters will compare a number of models seen as identifying both market and non 
market risk. These models otherwise fall under the classification of the efficient 
markets hypothesis (EMH) and the behavioural finance literature. The EMH (Fama 
1970) argues that determining the correct market price is simplified by assuming that all 
information is already contained within the market price. This supposes that the market 
price follows a random walk pattern and is influenced by new information. Under the 
EMH, market agents are driven by rational expectations, which maintain that all 
investors are rational and share the same expectations as to the expected price outcome. 
Thus, under the EMH, price abnormalities can be subjected to changes in the short term; 
however, over the long term horizon, the forecast error of market prices will tend 
towards zero. This conjecture has largely been unquestioningly absorbed into financial 
research governing asset price volatilities. However, with the gradual development of 
behavioural finance, the EMH has been questioned as non market risk is argued to play 
a large role in market volatility. 
While the EMH has offered a very simple model and rationale for modelling 
financial markets, there have still been critics who have advocated for behavioural 
factors to be used in financial models. The use of the EMH has, however, remained in 
its position throughout the years despite being unable to account for such financial 
anomalies as the equity premium puzzle and excess volatility. Regardless of the 
prevalence of the EMH, these puzzles and weaknesses have been challenged by 
alternative theories from behavioural finance. The idea that market agents behave in a 
more irrational way, and that market prices may be predicted by including investor 
psychology into economic models, is the core of behavioural finance. The notion of 
irrational agents has been argued by many researchers over the years with a number of 
examples of behavioural market anomalies. 
While the EMH has undergone multitudinous empirical studies using financial 
market data, the application of behavioural finance anomalies into empirical studies is 
still early in its development. Furthermore, as the EMH is simplistic in its application to 
real world data, the search for a behavioural model which captures many or all 
behavioural features into a parsimonious model is still far away. 
H2) non-market risk has contributed to China's volatility more than its market 
risk; 
3.4 Historical Volatility Models 
Historical volatility models are among the early evolution of volatility models 
detailed in this study. These models offer the advantage of being parsimonious relative 
to their counterparts. While simplicity is strived for, further developments have taken 
into account stylized facts of asset price behaviour. Among the historical models, the 
simplest used is the random walk model where current standard deviations of returns 
can be predicted using the lagged standard deviations of returns. The random walk 
model can be considered a purely random model in that no additional explanatory 
factors are included in order to predict volatility. Other models which have been used 
and have been said to increase forecast accuracy are the historical average method, 
moving average, exponential smoothing and the weighted exponential smoothing 
method. All of these methods make use of historical standard deviations, but differ in 
the application of new or recent estimates. 
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Empirical analysis of the numerous historical volatility models used in early 
research includes the results of Taylor (1987) and Wiggins (1992), where extreme values 
theory was found to provide good results in its ability to forecast price data. Research 
conducted by Dimson and Marsh (1990) was among the first to find that ex ante time 
varying optimized weighting schemes do not always work well with out of sample 
forecasts. Studies in the early 1990s further addressed the characteristics of volatility, 
finding that there were spikes of volatility during recession (Sill 1993) and that 
narrowing the focus of volatility estimates towards firms with comparable size and 
industry heightened the accuracy of forecasts. 
3.5 ARCH Models 
Following the historical models which focused upon standard deviations, a more 
technically precise classification of models found its inception with Engle's (1982) 
ARCH(q) model, whereby the conditional variance is a function of past squared returns. 
Forecasts using the ARCH model can be expanded further into the past by using an 
iterative updating procedure. The ARCH models quickly developed a reputation as 
providing stronger volatility estimates when compared to a multitude of volatility 
estimators (Akigray, 1989). Compared to historical volatility estimators, the ARCH 
models were especially superior in terms of capturing stylized facts of volatility such as 
mean reversion and volatility persistence. 
In order to capture stylized facts exhibited by volatility, Engles' ARCH model 
needed to be augmented slightly. The first and most popular of the ARCH models to be 
developed was introduced by Bollerslev (1986) and Taylor (1986) who developed the 
GARCH(1,1) model. This model captured volatility shocks and persistence to a greater 
degree as it allowed forecasts of variance to be predicted with both the lagged squared 
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return and also the last periods forecast. While the GARCH(1,1) proved to be effective, 
when faced with asymmetric prices, researchers found that GARCH was limited in its 
predictive power. The effect of positive prices along with the effect of negative prices 
was found to have different effects on future volatility. This problem was addressed 
with the development of asymmetric GARCH models such as the GJR-GARCH model 
(Glosten, Jagnathan and Runkle, 1993) and the EGARCH model (Nelson, 1991). These 
asymmetric GARCH models were found to be especially successful in their predictive 
power when compared with previous ARCH models as well as historical volatility 
models (Pagan and Schwert, 1990; Cumby, Figlewski and Hasbrouk, 1993; Taylor, 
2001). Development of asymmetric-like GARCH models has contributed to the 
development of regime switching models (Hamilton 1989) which will be discussed 
further below. The innovations made in asymmetric GARCH modelling contributed a 
great deal to understanding and explaining stylized facts exhibited by volatility in 
financial markets. There have been numerous studies done using the conventional and 
popular GARCH model (Brook and Ragunathan, 2003; Zheng and Wong, 2007; Yeh and 
Lee, 2000; Lee and Chen and Rui, 2001; Fabozzi, Tunaru and Wu, 2004). While 
GARCH has a number of positive aspects appealing to researchers, there are drawbacks 
to using the conventional GARCH, including its inability to model asymmetric volatility 
and leverage effects. As a result certain drawbacks to using GARCH, researchers (Wang 
and Fawson, 2001; Wong, Pui and Xu, 2005; Wei 2002) have been led to use specific 
derivatives of the GARCH model such as EGARCH and GJR-GARCH in order to 
model irregularities such as asymmetries and leverage effects. 
While preliminary ARCH and GARCH models were able to explain such 
stylized volatility facts as volatility clustering, the persistence of volatility was only seen 
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over a short horizon as estimates were known to decay quickly. The IGARCH 
(Integrated GARCH) model (Engle and Bollerslev, 1986) along with the FIG ARCH 
model (Fractionally Integrated GARCH) of Baillie, Bollerslev and Mikkelson, (1996) 
addressed the issue of short horizons in GARCH models and were beneficial in that they 
were able to show long memory in shocks. While there have been numerous studies 
using the ARCH models, researchers have augmented these studies in a number of ways 
in order to explore the specific peculiarities of the Chinese markets and increase the 
accuracy of forecasts. One predominant feature of the Chinese markets which has been 
studied at great length is the long time horizon and long memory of volatility in Chinese 
markets (Li and Yang, 2005). This persistence in volatility has been an especially 
prevalent characteristic in the early development of China's markets. 
Further development of GARCH models includes the class of regime switching 
models. These models rely on exploring the time varying volatility which may be 
present in different regimes along the sample timeline. These regime switching models 
were first introduced into an ARCH framework by Cai (1994), and Hamilton and 
Susmel (1994). This method has allowed for volatility to be conditioned during high 
volatility and low volatility periods with specific values for each period. Jones, Lamont, 
and Lumsdaine (1998), and Ederington and Lee (2001) found that volatility exhibits the 
characteristics of slower adjustment and more persistent volatility in a low volatility 
state, and faster adjustment and less volatility in a high volatility state. These Markov 
Switching Models (MRSGARCH) can be likened to the behavioural models which will 
be covered below. However, they have not been included as they generally perform 
poorer over longer time horizons relative to standard GARCH models (Marcucci, 2005). 
The evaluation techniques traditionally used to compare different models have 
been the mean square error and its variant (mean absolute error, etc), and also the 
Akaike information criterion (AIC) and the Schwartz information criterion (SIC). Each 
of these evaluative techniques indicates a different GARCH model to have out­
performed the other volatility estimators (Brooks 1998; West and Cho, 1995), 
complicating researchers' conclusions. 
3.6 Stochastic Volatility Models 
As volatility models have progressed, there has been increased interest in the use 
of Stochastic Volatility (SV) models since they offer a way to analyze high frequency 
returns in a dynamic framework. While high frequency data can be analyzed under the 
SV model, there are limitations as to how much of that information can be explained. 
Stochastic Volatility modelling also offers the use of additional factors other than returns 
to explain the presence of volatility. This model is allows for greater flexibility than its 
predecessors. However, the use of SV models will inevitably lead to fat tail distributions 
for returns. 
Aside from the modelling of the ARCH class of volatility of models, researchers 
have also spent a considerable amount of time of examining the volatility of Chinese 
markets with stochastic volatility models (SV). Estimation of SV models is not, 
however, a simple process compared to the GARCH models. In many cases, researchers 
resort to Generalized Method of Moments (GMM) in order to estimate parameters. The 
use of SV models has seen a variety of interpretations, similar to the variation of 
GARCH models, in order to better understand Chinese stock market volatility, such as 
Su and Fleisher (1999) who found that "A shares exhibit a number of characteristics 
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such as a faster and more persistent assimilation of market information which is then 
more quickly translated into market movements compared to the B share market". 
Another feature of the Chinese markets examined at length concerns the efforts 
to target country specific anomalies such as the "month of the year effect" and the "turn 
of the month effect" (Drew, Naughton and Veeraraghavan, 2004). Anomalies in Chinese 
markets, such as the spring festival holiday, have exhibited decreases in volume traded 
as well as volatility before and after the holiday, while other holidays, such as New 
Year's, Labour Day and the national holiday, show minimal signs of seasonal effects 
(Cao, Harris and Wang, 2007). A further market characteristic specific to China is the 
issue of the market segmentation seen in China under the A and B shares which make up 
a significant share of the Chinese market (Su and Fleisher 1998; Ji and Rui, 2004). The 
significance of the A- and B-shares in China is explored by Miao, Peng (2007) who 
found that "due to the volatility differential among different share groups the structural 
and institutional differences could provide explanatory power as to the source of that 
volatility". This characteristic can be understood to have specific ownership 
implications to the wider issue of volatility in China. Market decomposition analysis is 
also seen in various capacities (Lee and Liu 2006; Chan, Fung and Leung, 2004). These 
are important studies as they have investigated specific sources of volatility concerning 
ownership features in the Chinese stock market. With regard to studies on ownership 
and stock market volatility, the literature is sparse and concerns the relationship between 
foreign and domestic ownership (Zheng and Wong, 2007) rather than state versus 
private ownership as proposed in this study. 
SV modelling has in recent years seen an acceleration in research and 
application. This is largely a result of the fact that it is computationally intensive to run. 
The SV model is advantageous in that it provides increased modelling flexibility 
compared to ARCH models due to the inclusion of an additional innovative term in the 
volatility dynamics. This increased flexibility has allowed SV models to more closely 
fit theoretical models in finance and especially in derivatives pricing. Heynen (1995) 
finds that SV models provide strong forecasting performance in a number of different 
stock indices globally. This result is supported by Heynen and Kat (1994) who found 
that their SV model outperformed other volatility models across a number of indices in 
forecasting ability; however, forecast errors were much larger than those from the 
EGARCH and GARCH specification. 
H3) The effect of investor sentiment has a significant effect on market volatility 
3.7 Behavioural Volatility Models 
Early development in behavioural economics came from Kahneman and 
Tversky's (1979) Prospect theory. Prospect theory was developed as a counter to the 
EMH as it assumed that market agents were not perfectly rational and that outcomes 
were influenced by human behaviour. In prospect theory, the expected utility theory is 
replaced with a value function. The value function of prospect theory is used to model 
market agents' heightened sensitivity to losses in wealth rather than gains in wealth. 
This loss aversion is modelled not with a standard utility model but with one where 
lifetime utility depends on recent gains and losses on risky assets as well as 
consumption. Studies utilizing the prospect theory framework for volatility forecasting 
in China have been sparse (Shaosheng 2006); however, the conclusions find that in the 
case of open end funds, Chinese investors display behaviour consistent with prospect 
theory, namely that investors will find themselves exiting the market when profits are 
being made and will persist in the market in the face of uncertainty if they are at a loss. 
Early application of prospect theory towards asset prices comes from DeBondt 
and Thaler (1985, 1987), where they found that portfolios of prior losers outperform that 
of prior winners in the long run. This can be understood as investors will become too 
optimistic about recent winners and too pessimistic about recent losers. This notion of 
investor sentiment is a behavioural feature which has been researched heavily over the 
years. 
Preliminary development of investor sentiment involves work by Robert Shiller 
(1989) who attempted to explain the behaviour and influence of noise traders. Shiller's 
work was among the early research to counter the EMH by arguing that excess volatility 
could not wholly be explained by the EMH. In order for Shiller to test market efficiency, 
he regressed a number of information variables on returns - in this attempt, the 
contribution of noise traders' non market risk can help to explain the overall risk 
displayed and offer increased accuracy of forecasts. There is a fundamental relationship 
between rational traders and noise traders in this model that argues that rational traders 
expect returns based upon the beliefs of current and future demand from noise traders. 
If demand is high from noise traders, then current prices are higher and expected returns 
are lower. Research on noise traders was further developed in the seminal paper by 
Delong, Schleifer, Summers, and Waldmann (1990) who argued in their model that 
fundamental risk is not present and that noise trader risk encapsulates all market risk. 
This disproportionate contribution of risk by noise traders is borne out of the demand for 
risky assets which noise traders create for themselves. This also becomes risk for 
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rational traders. Rational traders then make an optimal forecast of the future price after 
accounting for the deviation that noise traders have contributed, while noise traders have 
a biased forecast. Volatility is compounded when the misperception of noise traders is 
increased. This is also heightened by the sheer number of noise traders. As a result of 
the behaviour of China's market agents, the literature on noise traders has been growing 
(Ng and Wu, 2006). This research has found that China's noise traders are not as 
irrational as once believed which could be the result of a maturing stock market. 
Contrary to the momentum traders in Delong et al (1990) who follow past price 
changes, Hong and Stein (1999) argued that 'newswatchers' follow the flow of private 
information. Newswatchers and momentum traders are interrelated. Newswatchers will 
create an underreaction to incoming news as it slowly responds to pieces. As momentum 
traders begin to move, there will be an overreaction to the past price changes. Daniel, 
Hirschleifer, and Subrahmanyam (1998) support this research. Investors will overreact 
to private information signals and underreact to public information. 
Behavioural modelling of volatility can be influenced to a great degree by not 
only noise traders, momentum traders, or newswatchers, but also by herd behaviour 
which market agents also exhibit. Herd behaviour describes fundamental group 
behaviour in which groups will tend to flow in one direction dependent on the group 
dynamic and not upon individual decision making. Kirman (1993) in his model 
describes this herd behaviour phenomenon with an application to speculative asset 
prices. Kirman addresses how herd behaviour in speculation also accounts for the 
'flipping' of group direction as stock prices exhibit period of calmness and can 
subsequently become quite volatile. The influence of herd behaviour upon China's 
emerging market and immature stock market has been observed, and, as a result, the 
research interest in this phenomena has been strong (Demirir and Kutan, 2006; Cheng-
Jian 2006; Tan, Chiang, Mason and Nelling, 2008). 
The literature on investor sentiment has continued to grow over the years with 
the work done by Barberis, Shleifer, and Vishny (1998), who state that, dependent upon 
an investors' interpretation of news, there can be post announcement drift, short run 
momentum, long run mean reversion and price-earnings ratios which help forecast 
future returns. These errors can be the result of investors interpreting earnings 
announcements as identifiers of regimes that the earnings are following. Investors will 
thus make their decisions from what they believe constitute the current regime of the 
earnings in the market rather than a random walk. 
The loss aversion in prospect theory is explored by Benartzi and Thaler (1995), 
who found that the loss aversion can produce a high equity premium. This was 
important in that it further weakened the efficiency argument inherent in the EMH. This 
idea was further developed by Barberis, Ming and Santos (BMS) (2001), who find that 
there is an additional component of what they call 'prior losses'. Prior losses can be 
understood as the increase in risk aversion of a current period which is the result of 
several cumulative losses in past periods. This same principle is true for cumulative 
gains. The model of BMS also explains how loss aversion coupled with prior losses can 
explain high equity premium and volatility in stock returns, low level and volatility of 
interest rates, and the predictability of stock returns. The model of BMS is similar to 
Cochrane and Campbell's (1999) habit persistence model as risk aversion is also time 
varying. In the habit persistence model, however, cumulative changes in consumption 
affect the risk aversion of investors, in contrast to the BMS' model where changes in the 
cumulative wealth influence the risk aversion. 
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Empirical work done in the area of behavioural finance and the application of 
asset price anomalies is also limited and the need for simplicity in models has not been 
adhered to. Development of behavioural models into parsimonious models has been 
carried out by allowing investors to have bounded rationality. Bounded rationality has 
been used in the area of research which classes traders as heterogeneous agents. 
Heterogeneous agent models generally classify two groups of traders as having certain 
beliefs regarding market behaviour. These models which have been developed since 
Frankel and Froot (1987; 1990) generally classify agents as being a group of rational 
traders and also as having somewhat irrational beliefs. Traders are then able to switch 
their behaviour over time depending on a continuously updating evaluation system. 
This switching mechanism is analogous to market sentiment amongst investors. 
The use of heterogeneous agent models has been useful in identifying several 
stylized facts of financial markets including mean reversion persistence in asset prices, 
excess volatility and clustered volatility (Lux, 1998; De Grauwe and Grimaldi, 2005, 
2006; Brock and Hommes, 1997). Heterogeneous agent models have also been proven 
to be useful in modelling asset prices volatility as the switching mechanism between 
traders can act as a signal of reaction to news. 
The use of a heterogeneous agents model for the behavioural aspect of this paper 
is useful in understanding how Chinese investors' behaviour has evolved over time and 
how these changes have affected the overall volatility. It is expected that the 
behavioural aspect will be more distinguished by the fact that greater openness over 
time, policy changes, and the joining of A- and B-share markets has only contributed to 
the sophistication and complexity of investors. 
It is also worth noting that as this paper explores the efficient markets hypothesis 
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in its comparative analysis of conventional GARCH models against the behavioural 
STAR-GARCH model, there have been other methods used by researchers to understand 
this issue. A particular method is the use of unit root and cointegration in order to test 
market efficiency (Hakkio and Rush, 1989; Dwyer and Wallace, 1992; Kam, Benton and 
Pan, 1997). While popular, this method of testing market efficiency includes such 
drawbacks as the implication that a unit root test is not analogous with the random walk 
hypothesis (Rahman and Saadi, 2008). The implications of this are that the tests are not 
predictive in nature (Bleaney, 2007). Furthermore, the informational content of unit root 
tests in order to understand market efficiency will be inferior relative to the behavioural 
GARCH model as the STAR-GARCH model used in this paper offers a greater 
understanding of the changing market strategies by market agents over time rather than 
a simple understanding of market trending behaviour. 
This chapter has attempted to give a brief overview of a number of popular 
volatility measures used by researchers while simultaneously detailing their various 
strengths and weaknesses. The following chapter will detail the methods which have 
been used to conduct the volatility analysis for this paper. These methods will consist of 
several conventional market models of volatility, with emphasis given to the STAR-
GARCH behavioural model. 
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Chapter IV 
Database and Methodology 
This chapter describes the data and methodology used in this study. The data 
section explains that all data used for this study has been recovered from easily 
accessible databases which are current and reliable. All models used have succinctly 
been addressed with explanations as to their origins and also equations. Model 
explanations for several diagnostic equations are also included for brevity at the end of 
this chapter. 
4.1 Data 
This present study utilizes the Thompson Financial Datastream database and the 
GTA online database where stock returns from stock market indices are used for 
analysis. As this study attempts to seek out results relating to volatility and risk, the use 
of high frequency data is used originating from both the Shanghai and the Shenzhen 
markets. Additionally this study offers a greater breadth of analysis with the 
longitudinal span of data stretching from 1994 to 2010 using daily data. This is 
important for the reason that this will map out the degree of volatility displayed over 
time as China has gone through a number of regulatory and structural changes amidst its 
sustained growth since the inception of the stock markets. Further subsets of data have 
also been analyzed (1994-1998; 1999-2001; 2002-2006; 2007-2011). These subsets have 
been chosen for the reason that many of these periods focus upon crisis periods or 
significant global and local events for the Chinese financial markets. 
Cursory data for summary statistics have been collected from the both the 
Bank online database which is offered freely, and comprises of a number of data sources 
from around the world. 
4.2 Methodology 
This research paper will seek to identify any discernible variations in the 
efficiency of both conventional volatility models as well as behavioural volatility in the 
GARCH models, and the behavioural STAR-GARCH model (Terasvirta 1994). 
4.3 Conventional Models 
The ARCH (Engle 1982) classification of volatility estimators are among the 
first to be introduced in the study of financial volatility. The ARCH specification was 
useful in that there is an assumption of heteroskedasticity in the errors, which has 
allowed for the variance of the error to be dynamic and accounted for. With regard to 
the stylized facts described earlier, the ARCH model accounts for the presence of 
volatility clustering. The structure of the ARCH model was especially suited to account 
for this persistence, as seen in (1) where the conditional variance of the error ^ is a 
function of past squared error values using the closing price data. While the ARCH 
model is useful in accounting for the volatility clustering, there is a limitation regarding 
the ability of the ARCH model to account for asymmetry effects. As the error variables 
are all squared values, they are limited in that they will be non-negative. This non-
negativity does not allow for leverage effects to be modelled. 
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h=w+^ <x ke*_ k  
k = 1 (1) 
Where ht refers to the level in stock market and where eo > 0 and ak > 0 
The development of the GARCH specification (Bollerslev, 1986; Taylor, 1986) 
seen in (2) are seen as an evolution of the ARCH model. The predominant advantage 
being that GARCH increases simplicity and avoids overfitting. This simplicity helps to 
avoid the limitation of non-negativity which has hindered the ARCH model. 
h=iv + £  a*e;_ t+£ (2) 
* = i  / = !  
Where to>0 and P ^1 , So that our next period forecast of variance is 
a blend of our last period forecast and last period's squared return. In the interest of 
breadth, the inclusion of additional volatility models has been considered, particularly 
models which satisfy the characteristic of leverage effects. The models chosen are the 
EGARCH (Nelson 1991) and the GJR GARCH (Glosten, Jagnnathan and Runkle, 
1993). 
h , =  i o + a  e , _ ,  + 6  D , . l e 2 , . x  + 
S 1  if e , _ i  < 0  
a-1 = < o/rc,_, >o 
In (/?,) = a + 0( In (+ ) 
(3) 
(4) 
(5) 
42 
The GJR GARCH (3-4) and the EGARCH (5) models have been included in this 
paper for their strengths in modelling asymmetric effects. These asymmetric effects 
reflect the different impacts that positive and negative news events may have on 
volatility. The GJR model shows that the additional 1 term is included in order to 
allow both negative and positive events. On the other hand, the transformation of the 
conditional variance in the EGARCH specification to ln (1,1' allows for the parameters 
to be negative without affecting the non-negativity of the conditional variance. 
The models described have been included in this paper for their ability and 
strengths in reflecting the stylized facts of volatility. While these models represent the 
conventional side of this analysis, the behavioural side of the analysis will be covered 
next. 
4.4 STAR-GARCH model 
Aside from the conventional GARCH models described above, the behavioural 
smooth transitional autoregressive (STAR) GARCH model will also be used. Following 
the work of Reitz and Westerhoff (2003; 2005), the STAR GARCH works as an 
updating feedback model, where two traders (chartists and fundamentalists) interact. 
The interaction between traders will affect the volatility in each series which will 
ultimately be updated back into the STAR-GARCH model and affect the conditional 
volatility. 
P , - x  =  P ,  +  d { D < ; + w t D ? ) + e t  (6) 
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The price impact function (6), describes the demand activity of the 
fundamentalist traders and the chartist traders. The activity of fundamentalists and 
chartists is assumed to follow a pattern following excess buying driving price up and 
excess selling driving price down. The respective demand variables or trading rules for 
each respective trader are represented by an(j Df Jhe noise is also including as 
. In this model, the chartists and the fundamentalists are distinguished by the trading 
rules which they follow as they are engaged in the market. These rules are not meant to 
be incredibly descriptive, nor are they expected to represent the entire composition of 
active market agents. The simplicity of trader groups is desired for this analysis and, as 
described earlier, will be helpful in distinguishing the changing nature in both policies 
and reform over the years, and also the changing nature of investor behaviour over the 
years. 
As described, the early development of the Chinese stock market was rapidly 
growing and was subject to a high degree of market turnover and speculative behaviour. 
The STAR GARCH model will provide insight into the changing dynamics of investors 
as not all trading rules of investors are expected to be homogenous. The fundamentalist 
traders are assumed to follow a trading rule as shown in (8). Consequently, the chartist 
(or technical) traders are expected to follow a rule specification as shown in (7). 
Of = S(P t  -  />,_,) (7) 
Df = a(F -  P t )  (8) 
The fundamentalist traders follow the rule where the price is expected to return 
to some fundamental value F (equation 9) eventually after a positive or negative 
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disturbance. Thus buying will occur when below the fundamental value and selling 
when above the fundamental value. On the other hand, the chartists follow the rule 
C xy 
whereby price trending is the preferred strategy. The values of and represent the 
positive reaction quotients. 
f -=2>gi /y>/ .v- i  ( 9 )  
As this is a dynamic model, the number of traders moving in and out of the 
market are expected to change over time. This dynamic process is seen in (10) which is 
the relative number of chartist traders who are entering the market. This number of 
chartists entering is expected to be between 0.5 and 1 (since F - P). The implication of 
this dynamic process is that when a high degree of market activity is present, chartist 
traders will decide to enter the market - for example, during a bubble. The rationale 
behind this comes from profit seeking and speculative behaviour on the part of chartists, 
however this market entry is limited by the degree of risk inherent in the market ( ^ ). 
W= —— 0.5<h',<1 
l+exp{-<t>\F-P\la)  (10)  
The STAR-GARCH model can ultimately be estimated by combining 7-10 into 
the mean equation seen in (11) and (12). 
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h,— ( l 0+f$\  (12) 
These models (estimated using RATS 6.0) include the STAR model in equation 
11 with an updating GARCH(1,1) model in (12). As normality in ^ is not assumed in 
this model, the estimation method of quasi maximum likelihood (QMLE) is used. 
Additionally, the parameter estimates are obtained using the BFGS algorithm (Broyden 
1970; Fletcher and Powell 1963). 
4.5 Forecast Evaluation 
In order to assess the forecast accuracy of the proposed models, the use of 
Akaike information criterion (1974) and the Schwartz information criterion (1978) have 
been chosen as they are generally used to assess model validity when estimating several 
different volatility models. 
Akaike Information Criterion (AIC) 
AIC =2K — 2Ln( L ) 
K indicates the number of parameters used in the model, while the L value 
signifies the maximized value of the likelihood function. 
Schwartz Information Criterion (SIC) 
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SIC=-2 lnL-hK In (n)  (14) 
again, K and L indicate the number of free parameter and the maximized value of 
the likelihood function. The number of observations used is represented by the n. The 
goodness of fit is decided upon by the minimized value of the AIC or SIC in the 
respective models. 
This chapter has covered the structure and methodology of the various volatility 
measures used in this paper. Additional attention has been given to diagnostic measures. 
The following chapter will extend the methodology by detailing the results of the 
analysis of the various estimators which have been covered above, as well as offering 
analysis of the policy implications of the research. 
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Chapter V 
Empirical Results 
This chapter presents the results of the empirical investigation based on the 
hypothesis and data sets outlined in chapter 4. This chapter is organized as follows: 
Section 5.1 presents results based on descriptive statistics of the data; Section 5.2 
presents empirical results of various identified shocks (e.g. the Asian crisis) on stock 
market volatility in China; Section 5.3 presents a discussion of the findings presented in 
this chapter; Section 5.4 offers insights into the policy implications of this area of 
research and future directions; Section 5.5 offers concluding thoughts. 
5.1 Descriptive Statistics 
Volatility estimations were performed using the closing price data, daily returns 
have been summarized in Table 5.1. The data set used to compile Table 5.1 covers the 
period Jan, 03, 1994 to Jan 26, 2011. These data show that the A-share markets of 
Shanghai and Shenzhen have comparative mean values relative to their B-share 
counterparts. The maximum values are also significantly greater in the A-share markets 
compared with the B-share markets. This is expected as the A-share markets were in the 
past solely a market for foreign investors. Interestingly, the degree of kurtosis is 
significantly greater in the Shanghai A, and Shenzhen A markets compared to the rest 
where the characteristic fat tailed distributions are not as prevalent. Standard deviations 
are relatively consistent throughout and indicate that significant volatility. This 
characteristic will be further investigated in this chapter. It should also be observed that 
the four price indexes are positively skewed indicating that, as a result of the 
disallowance of shorting, stock prices have stayed positive. 
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Finally, as shown below in Table 5.2, the correlations for each market are 
displayed where it is seen that the A markets exhibit a somewhat higher degree of 
correlation relative to the B share markets of Shanghai and Shenzhen. 
Table 5.1 Descriptive Statistics for All Daily Returns (%) 
Shanghai A Shanghai B Shenzhen A Shenzhen B 
Mean 0.013 0.011 0.017 0.018 
Median 0.02 -.01 0.05 0.00 
Maximum 13.4 5.29 12.85 5.41 
Minimum -8 -5.68 -8.53 -7.25 
Std. Dev. 0.9542 0.984 0.980 0.967 
Skewness 1.37 .154 0.675 0.077 
Kurtosis 27.17 7.437 19.82 8.88 
Observations 4151 4151 4141 4105 
Source: GTA Database 
Table 5.2 Correlation of Stock Market Indices 
Shanghai A Shanghai B Shenzhen A Shenzhen B 
SHANGHAI-A 1.00 0.90 0.95 0.83 
SHANGHAI-B 0.90 1.00 0.88 0.88 
SHENZHEN-A 0.95 0.88 1.00 0.87 
SHENZHEN-B 0.83 0.88 0.87 1.00 
Source: GTA Database 
5.2 Volatility and External Shocks 
After performing the preliminary analysis on the full data set, the data was 
segmented based on external shocks (1994 to 1998, 1999 to 2001, 2002 to 2006 and 
2007 to 2011) and further estimations were performed. This was in order to assess the 
impacts of economic shocks on stock market volatility. This periodization of data has 
been carried out in order to assess important regime changes relevant to understanding 
the Chinese economy: the Asian crisis (1997), the September 11+dot com crash (2001), 
and the subprime crisis (2007). These regimes were included for their expected results 
of displaying greater volatility. Initial testing of conventional GARCH models was done 
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on the full data set and reported in Table 5.6. The results of these estimations showed 
that the volatility persistence was both highly significant for Shanghai and Shenzhen's A 
markets and also exhibited large values. This is not a particularly unique aspect as 
China's young stock markets are expected to have longer waves of volatility compared 
to more developed capital markets. Estimates for persistence were also significant for 
the B markets. However, the magnitude of estimations was not relatively large. While 
these estimates are informational, the need for segmented results is important in 
understanding the volatility dynamics over time. 
The asymmetric coefficient estimates of the GJR and EGARCH models are not 
as conclusive as the estimates of the conventional GARCH models, as the results and 
significance vary in their strength. This highlights the fact that negative shocks are not 
necessarily followed by large swings in volatility relative to positive shocks all of the 
time. After performing estimations on the segmented data sets, the results are consistent 
with the larger magnitudes of persistence seen in A markets relative to B markets. A 
markets do, however, seem to react to a greater degree to global shocks compared to B 
markets. This could be the result of international investors being more aware of global 
events with respect to their trading activity. 
The estimations of conventional GARCH models in this paper have identified 
the nature of volatility persistence and informational asymmetries over time. While the 
results are useful, the inclusion of the behavioural STAR-GARCH model provides 
strong inferences as to the market efficiency of the Chinese stock markets as well as 
characteristics of market agent behaviour. 
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Table 5.3. STAR-GARCH results 1994-2011 
This table presents the results of the STAR-GARCH estimations (equations 11 and 12 
in Chapter 4, pg 45) which have been measured utilizing the daily returns of the A and 
B markets in Shanghai and Shenzhen. The data set estimated has covered the years 
from 1994 to 2011. This measurement captures various characteristics of the volatility 
exhibited in prices. The first three variables: Theta ( 9), Psi (0C), and Delta ( S) cover 
the behavioural factors. Theta captures the degree of speculation observed as agents 
adopt chartist strategies. Delta attempts to relay the speed at which those agents are 
switching strategies and reflects market efficiency. Psi is the last behavioural factor 
and explains the market impact efficiency of chartists(speculators). The 3 beta values 
below are standard GARCH characteristics. Standard Errors are reported in the 
parentheses, l %(***), 5%(**), and 10%(*).. 
Shanghai A Shanghai B Shenzhen A Shenzhen B 
Variables 
Theta 0.00067 0.015* -0.00060 -0.0022 
(0.0011) (0.0087) (0.010) (0.0056) 
Psi -0.063 -0.019 0.043 0.086*** 
(0.11) (0.012) (0.063) (0.027) 
Delta 0.00026*** 0.047*** -0.0030*** -0.010 
(0.000049) (0.020) (0.00052) (0.0073) 
00 
0.040** 0.20*** 0.057* 0.32*** 
(0.018) (0.049) (0.030) (0.092) 
^1 
0.11*** 0.21*** 0.12*** 0.22*** 
(0.027) (0.029) (0.026) (0.041) 
* 
0.90*** 0.77*** 0.88*** 0.73*** 
(0.026) (0.029) (0.030) (0.045) 
Observations 4146 4146 4136 4101 
Skewness 0.81 0.26 0.79 0.18 
Kurtosis 15.042 4.21 16.01 5.39 
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Table 5.4. STAR-GARCH Shanghai results segmented data 
This tabie presents the results of the STAR-GARCH estimations (equations i 1 and 12 in Chapter 4, pg 45) which have measured 
utilized the daily returns of the Shanghai A and B markets. The data set estimated has covered the years from 1994 to 2011. This 
measurement captures various characteristics of the volatility exhibited in prices. The first three variables: Theta ( 0 ), Psi (0(), and 
Delta (5) cover the behavioural factors. Theta captures the degree of speculation observed as agents adopt chartist strategies. Delta 
attempts to relay the speed at which those agents are switching strategies and reflects market efficiency. Psi is the last behavioural factor and 
explains the market impact efficiency of chartists(speculators). The 3 beta values below are standard GARCH characteristics. Standard 
Shanghai A Shanghai B 
1994-1998 1999-2001 2002-2006 2007-2011 1994-1998 1999-2001 2002-2006 2007-2011 
Theta 0.00 0.001 0.004*** 0.002 0.075 7.13 0.039** 0.038** 
(-0.004) (-0.001) (-0.001) (-0.002) (-0.059) (-14.53) (-0.017) (-0.015) 
Psi -0.032 -0.010 -0.29*** -0.35 -0.46 0.042 -0.27* -0.93** 
(-0.29) (-0.014) (-0.082) (0.32) (0.36) (0.027) (0.14) (0.39) 
Delta -0.001 0.002* 0.000 0.000 0.007* 0.39*** 0.012*** -0.003*** 
(0.001) (0.001) (0.000) (0.000) (0.004) (0.141) (0.004) (0.001) 
h 1.77*** 0.31 0.13* 0.23 0.18** 1.094*** 0.38*** 0.45*** 
(0.65) (0.27) (0.065) (0.14) (0.074) (0.31) (0.088) (0.17) 
0.25*** 0.34* 0.12*** 0.10*** 0.31*** 0.19*** 0.18*** 0.20*** 
(0.079) (0.15) (0.025) (0.027) (0.072) (0.046) (0.058) (0.050) 
0.59*** 0.56** 0.82*** 0.85*** 0.69*** 0.68*** 0.71*** 0.74*** 
(0.054) (0.23) (0.041) (0.049) (0.060) (0.056) (0.049) (0.054) 
Observations 988 959 1199 986 1234 713 1199 986 
Skewness 2.18 -0.14 0.31 -0.58 0.40 0.39 0.39 -0.35 
Kurtosis 25.67 3.85 2.27 1.51 3.50 1.95 5.70 3.20 
LLH -1517.39 -742.20 -917.82 -1220.57 -1215.36 -1065.51 -1157.86 -1303.80 
AIC -3.07 -1.54 -1.53 -2.47 -1.97 -2.98 -1.93 -2.64 
SIC -6.14 -3.1 -3.06 -4.95 -3.94 -5.98 -3.86 -5.29 
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Table 5.5. STAR-GARCH Shenzhen results segmented 
This table presents the results of the STAR-GARCH estimations (equations 11 and 12 in Chapter 4, pg 45) which have measured utilized the 
daily returns of the Shenzhen A and B maikets. The data set estimated has covered the years from 1994 to 2011. This measurement captures various 
characteristics of the volatility exhibited in prices. The first three variables : Theta ( 0 ), Psi (Ot), and Delta ( 6) cover the behavioural factors. 
Theta captures the degree of speculation observed as agents adopt chartist strategies. Delta attempts to relay the speed at which those agents are switching 
strategies and reflects market efficiency. Psi is the last behavioural factor and explains the market impact efficiency of chartists( speculators). The 3 beta 
values below are standard GARCH characteristics. Standard Errors are reported in the parentheses !%(***), 5%(**). and 10%(*). 
Shenzhen A Shenzhen B 
1994-1998 1999-2001 2002-2006 2007-2011 1994-1998 1999-2001 2002-2006 2007-2011 
Theta -0.005 0.004 0.034*** -0.001 0.019*** 4.269 0.005 0.012* 
(0.004) (0.003) (0.009) (0.003) (0.006) (7.608) (0.006) (0.007) 
Psi 0.194 -0.004 -0.004 0.027 -0.427*** o.ou -0.121 -0.641 
(0.162) (0.010) (0.006) (0.020) (0.120) (0.023) (0.180) (0.408) 
Delta -0.011*** 0.008* 0.078*** 0.006*** -0.352** 0.212** 0.003 -0.002* 
(0.004) (0.004) (0.020) (0.002) (0.193) (0.082) (0.002) (0.001) 
*0 1.151** 0.075* 0.164 0.406*** 0.193** 1.310*** 0.559*** 0.444* 
(0.488) (0.060) (0.106) (0.011) (0.090) (0.471) (0.169) (0.211) 
*> 
0.291*** 0.218* 0.123*** 0.114*** 0.528*** 0.208*** 0.192*** 0-131*** 
(0.081) (0.119) (0.029) (0.024) (0-183) (0.046) (0.050) (0.044) 
0: 0.614*** 0.780*** 0.802*** 0.819*** 0.578*** 0.638*** 0.627*** 0.779*** 
(0.056) (0.112) (0.073) (0.021) (0.121) (0.078) (0.068) (0.077) 
Observations 1224 713 1199 986 1189 712 1199 986 
Skewness 2.250 -0.044 -0.073 -0.684 0.521 0.441 0.083 •0.632 
Kurtosis 31.019 3.344 2.063 1.390 8.889 2.689 2.913 2.734 
LLH -1773.210 -565.836 -985.479 -1307.785 -1082.038 -1056.045 -1184.897 -1201.604 
A1C -2.89 -1.58 -1.64 -2.65 -1.82 -2.96 -1.97 -2.43 
SIC -5.79 -3.17 -3.29 -5.31 -3-64 -5.93 -3.95 -4.87 
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Aggregate STAR-GARCH results in Table 5.3 show that estimations of persistence are 
similar to the conventional GARCH model in table 5.6, as volatility persistence is larger 
for A markets relative to B markets. However, the characteristics of persistence in the 
segmented data tables (Table 5.4 and Table 5.5) show that, for all markets, the 
persistence exhibits a gradual upward trend. These results do not show much 
dissimilarity relative to the conventional GARCH results. The focus of the STAR-
GARCH models is seen in the variables of theta and delta. These variables are meant to 
deliver insight into both the change in trader strategies over time, as well as the speed in 
which agents are entering the market. The theta value (0, as seen in equation 11 
chapter 4), for Table 5.3 (aggregate), captures the activity of chartist traders. As the 
magnitude of theta increases, it signals the increase of chartist activity as they chase 
profits and engage in speculation. The aggregate results show that speculation is 
stronger in the Shanghai market relative to Shenzhen's markets. However, after a closer 
inspection using the segmented data, it can be seen that B markets are generally 
composed of greater speculative activity. These results are supplemented by the delta ( 
8, as seen in equation 7, and 11, chapter 4) results, which show that B-share market 
agents are quicker to adopt a speculative strategy in order to chase a bubble or retreat 
from a downturn as evidenced by the larger values. Additionally the psi parameter ( Ot) 
reflects the fundamental traders' rule seen in equation 8 (chapter 4). 
While the STAR-GARCH model provides a focus on agent behaviour, GARCH 
characteristics such as mean reversion and news shocks can still be explained. As 
chartists flow into the market, the number of traders employing a fundamentalist 
strategy decreases and as such the degree of mean reversion also decreases. This is 
understandable as the increase of chartists is influenced by the increase of price 
deviations. With respect to asymmetric information, it is implied that chartists are trend 
followers and, that as new information is absorbed, conditional volatility is affected. 
The variable theta provides information encompassing market agents' reactions to new 
information, while the variable delta provides insight into the market's efficiency in 
assimilating that information. These market dynamics can be seen in Figures 5.1 to 
Figure 5.4. These figures show that the respective A markets have a greater response in 
volatility when investors react to new information than the B markets, which display a 
more chaotic wave in response to new information. 
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Figure 5.1: Returns for Shanghai A-Share Stock Market-
1994-2011 
Source: GTA Database 
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Figure 5.2: Returns for Shanghai B-Share Stock Market-
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Figure 5.3: Returns for Shenzhen A-Share Stock Market- 1994 
-2011 
Source: GTA Database 
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Figure 5.4: Returns for Shenzhen B-Share Stock Market-
1994-2011 
Source: GTA Database 
In order to assess the performance of the various models, several criteria have 
been used. Evaluation of model specification was performed using the information 
criterion statistics (AIC and SIC) as well as the log likelihood. By examining the 
information criterion, it can be seen that the STAR-GARCH model outperforms the 
conventional GARCH models in all cases as evident by the minimized values relative to 
other models. Thus the use of the STAR-GARCH model seems to provide a more 
efficient fit to Chinese returns as compared with conventional models. The Behavioural 
model provides insight into failure of Chinese markets in satisfying the rational 
expectations hypothesis. 
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Table S.6 GARCH results 1994-2011 
This table presents the results of the GARCH(1,1) (equation 2, chapter 4), EGARCH (equation 3-4. Chapter 4) , and GJR-GARCH (equation 5, chapter 4) estimations which have 
measured utilized the daily returns of the Shanghai and Shenzhen A and B markets. The data set estimated has covered the years from 1994 to 2011. This measurement captures various 
characteristics of the volatility exhibited in prices. Standard GARCH parameters are exhibited as the first 3 variables , and '. GJR and EGARCH introduce and asymmetric 
parameter which observes the reactions of prices to news innovations. Standard errors are reported in parenthesis. Ljung Box Q test values are included in order to account for 
SHANGHAI A Shanghai B Shenzhen A Shenzhen B 
GARCHO.l) GJR-
GARCH 
EGARCH GARCH(1,1) GJR-
GARCH 
EGARCH GARCHd.l) GJR-
GARCH 
EGARCH GARCH* 1.1) GJR-
GARCH 
EGARCH 
to -2.36*** -2.36*** -0.13 -0.23 -0.15 -0.041 -1.86*** -1.92*** -0.27** 0.46** 0.44** 0.11 
(0.27) (0.29) (0.11) (0.22) (0.21) (0.083) (0.28) (0.29) (0.12) (0.18) (0.19) (0.081) 
R 0.20*** 0.20*** -0.00032 0.29*** 0.34*** -0.022 0.21*** 0.19*** 0.014 0.32*** 0.31*** 0.0090 
(0.011) (0.014) (0.016) (0.022) (0.033) (0.017) (0.015) (0.020) (0.017) (0.020) (0.029) (0.018) 
6 1.37*** 1.37*** 1.080*** 0.78*** 0.77*** 1.016*** 1.22*** 1.23*** 1.17*** 0.56*** 0.59*** 0.91*** 
(0.068) (0.073) (0.076) (0.059) (0.058) (0.055) (0.067) (0.073) (0.080) (0.053) (0.053) (0.056) 
y 0.0015 0.45*** -0.080** 0.48*** 0.026 0.42*** 0.013 0.52*** 
(0.025) (0.022) (0.034) (0.027) (0.029) (0.025) (0.033) (0.024) 
LL -6810.66 -6810.66 -6809.078 -6994.88 -6993.55 -6984.21 -6912.035 -6911.80 -6906.57 -6779.85 -6779.82 -6783.91 
Q Stat 43.46 43.49 44.16 37.55 37.82 37.58 30.60 30.79 31.19 30.63 30.55 30.31 
Obs 3291 3291 3291 3291 3291 3291 3281 3281 3281 3237 3237 3237 
AIC -4.14 -4.14 -4.14 -4.25 -4.25 -4.24 -4.21 -4.21 -4.21 -4.19 -4.19 -4.19 
SIC -8.28 -10.35 -10.34 -8.5 -10.63 -10.61 -8.43 -10.43 -10.43 -8.38 -10.47 -10.48 
Note: Significance reported at !%(***), 5%(**), and I0%(*) levels. 
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Table 5.7. Shanghai A GARCH results segmented 
This table presents the results of the GARCH(U) (equation 2, chapter 4), EGARCH (equation 3-4. Chapter 4), and GJR-GARCH (equation 5, chapter 4) estimations which have 
measured utilized the daily returns of the Shanghai A maHcet only. The data set estimated has covered the periodized years from 1994 to 2011. This measurement captures various 
characteristics of the volatility exhibited in prices. Standard GARCH parameters are exhibited as the first 3 variables , rt , and '. GJR and EGARCH introduce and asymmetric 
parameter which observes the reactions of prices to news innovations. Standard errors are reported in parenthesis. Ljung Box Q test values are included in order to account for 
Shanghai A 1994-1998 Shanghai A 1999-2001 Shanghai A 2002-2006 Shanghai A 2007-2011 
Garch(l.l) EGARCH GJR-GARCH Garch(l.l) EGARCH GJR-GARCH Garch(l,1) EGARCH GJR-GARCH Garch(l,!) EGARCH GJR-GARCH 
a> 
-3.082*** 0.36 3.12*** -0.40 0.00082 -0.41 2.30* 0.79*** 3.38*** -2.67* -0.19 -2.70* 
(1.065) (0.28) (0.84) (0.29) (0.13) (0.29) (1.68) (0.17) (0.72) (1.50) (0.44) (153) 
CK 0.22*** 0.032 0.43*** 0.26*** -0.044 0.25*** -0.0178** 0.028 -0.054** 0.10*** -0.036 0.10*** 
(0.025) (0.039) (0.059) (0.046) (0.059) (0.060) (0.0072) (0.036) (0.023) (0.029) (0.031) (0.037) 
8 1.17*** 0.82*** 0.31** 0.94*** 0.95*** 0.95*** -0.79 -0.66* -1.00** 1.56*** 1.13*** 1.5*** 
(0.14) (0.14) (0.14) (0.17) (0.19) (0.18) (1.01) (0.34) (0.45) (0.40) (0.32) (0.40) 
)' 0.53*** -0.16** 0.49*** 0.020 -0.22*** 0.038 0.24*** -0.0052 
(0.056) (0.075) (0.081) (0.083) (0.055) (0.025) (0.060) (0.037) 
LL -2353.46 -2352.75 -2353.64 -977.83 -980.13 -977.81 -1594.91 -1590.92 -1591.21 -1648.45 -1648.29 -1648.44 
Q Stat 174.094 156.74 175.088 78.51 198.17 169.034 99.095 51.44 0.62 219.54 232.51 218.44 
Obs 984 984 984 570 570 570 954 954 954 783 783 783 
AIC -4.78 -4.78 -4.78 -3.42 -3.43 -3.42 -3.34 -3.33 -3.33 -4.21 -4.2 -4.2 
SIC -9.57 -11.96 -11.96 -6.86 -8.6 -8.58 -6.69 -8.34 -8.34 -8.42 -10.53 -10.53 
Note: Significance reported at !%(**•). 5%(•*). and t0%(*) levels 
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Table 5.8 GARCH Shanghai B segmented results 
This table presents the results of the GARCH(1,1) (equation 2, chapter 4), EGARCH (equation 3-4. Chapter 4), and GJR-GARCH (equation S, chapter 4) estimations which have 
measured utilized the daily returns of the Shanghai B maricet only. The data set estimated has covered the periodized years from 1994 to 2011. This measurement captures various 
characteristics of the volatility exhibited in prices. Standard GARCH parameters are exhibited as the first 3 variables w , a , and ^ . GJR and EGARCH introduce and asymmetric 
parameter which observes the reactions of prices to news innovations. Standard errors are reported in parenthesis. Ljung Box Q test values are included in order to account for 
ShanghaiB1994-1998 Shanghai B 1999-2001 Shanghai B 2002-2006 ShanghaiB2007-2011 
Garch(M) EGARCH GJR-GARCH Garch(lJ) EGARCH GJR-GARCH Garch(l.l) EGARCH GJR-GARCH Garch(l.l) EGARCH GJR-GARCH 
UJ 0.97*** 0.27*** 0.95*** -0.97 -0.18 -1.78 -2.82*** -0.45** -3.97*** -0.73 -0.092 -0.65 
(0.18) (0.093) (0.18) (1.88) (0.47) (2.016) (1.057) (0.19) (1.25) (0.52) (0.23) (0.54) 
a 0.56*** 0.0015 0.64*** 0.16*** 0,063 0.10** 0.097*** 0.064*** 0.037** 0.27*** -0.12*** 0.36*** 
(0.047) (0.040) (0.094) (0.038) (0.042) (0.044) (0.028) (0.024) (0.018) (0.043) (0.042) (0.078) 
6 0.29*** 0.79*** 0.29*** 0.96*** 1.077*** 1.066*** 2.033*** 1.50*** 2.48*** 0.87*** 1.035*** 0.89*** 
(0.061) (0.068) (0.062) (0.27) (0.24) (0.29) (0.44) (0.20) (0.52) (0.12) (0.13) (0.12) 
>'  0.71*** -0.11 0.31*** 0.08 0.25*** 0.074*** 0.41*** -0.19*** 
(0.059) (0.094) (0.061) (0.062) (0.047) (0.027) (0.059) (0.073) 
LL -1984 -1983.98 -1983.68 -1367.85 -1368.80 -1367.24 -1772.40 -1767.40 -1769.97 -1757.55 -1753.88 -1755.018 
Q Stat 118.71 135.33 116.70 257.69 276.88 272.45 258.64 241.23 330.86 160.01 195.065 158.46 
Obs 984 984 984 570 570 570 954 954 954 783 783 783 
AIC -4.03 -4.03 -4.03 -4.79 -4.79 -4.79 -3.71 -3.7 -3.7 -4.48 -4.47 -4.48 
SIC -8.07 -10.08 -10.08 -9.6 -12.01 -11.99 -7.43 -9.26 -9.28 -8.98 -11.2 -11.2 
Note: Significance reported at 1 %(***), and 10%(*) levels 
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Table 5.9. Shenzhen A GARCH results segmented 
This tabie presents the results of the GARCH(l,l) (equation 2, chapter 4), EGARCH (equation 3-4. Chapter 4), and GJR-GARCH (equation 5, chapter 4) estimations which have 
measured utilized the daily returns of the Shenzhen A market only. The data set estimated has covered the periodized years from 1994 to 2011. This measurement captures various 
characteristics of the volatility exhibited in prices. Standard GARCH parameters are exhibited as the first 3 variables 10 , , and ^ . GJR and EGARCH introduce and asymmetric 
parameter which observes the reactions of prices to news innovations. Standard orors are reported in parenthesis. Ljung Box Q test values are included in order to account for 
Shenzhen A 1994-1998 Shenzhen A 1999-2001 Shenzhen A 2002-2006 Shenzhen A 2007-2011 
Garch(l,l) EGARCH GJR-GARCH GarchU.I) EGARCH GJR-GARCH Garch(l.I) EGARCH GJR-GARCH Garch(I,l) EGARCH GJR-GARCH 
<v -3.93"* -0.31 -5.75*** -0.42 -0.021 -0.43 4.67*** -1.17** -0.77 0.051 -0.80 
(1.010) (0.36) (1.15) (0.28) (0.12) (0.28) (0.64) (0.55) (1.58) (0.47) (1.57) 
ct 0.21*" 0.096** 0.12*** 0.31*** -0.038 0.30*** -0.027** -0.024 0.13*** -0.079* 0.14** 
(0.031) (0.042) (0.028) (0.054) (0.059) (0.065) (0.012) (0.015) (0.042) (0.042) (0.058) 
B 1.31*** 1.15*** 1.52*** 0.90*** 0.97*** 0.90*** -1.40*** 2.84*** 1.02*** 0.96*** 1.04*** 
(0.14) (0.17) (0.16) (0.15) (0.16) (0.16) (0.38) (0.87) (0.35) (0.29) (0.3S) 
r 0.43*** 0.15** 0.55*** 0.028 0.081** 0.24*** -0.040 
(0.055) (0.062) (0.083) (0.086) (0.039) (0.072) (0.056) 
LL -2328.38 -2325.74 0.00 -994.079 -996.24 0.00 -1653.17 -1645.69 -1727.63 -1726.85 0.00 
0 Stat 232.98 211.76 0.00 204.52 242.87 0.00 361.60 341.34 276.68 287.51 0.00 
Obs 974 974 974 570 570 570 954 954 783 783 783 
AIC -4.78 -4.77 0.01 -3.48 -3.49 0.01 -3.46 -3.44 -4.41 -4.4 0.01 
SIC -9.56 -11.94 0 -6.98 -8.74 0 -6.93 -8.63 -8.83 -11.03 0 
Note: Significance reported at !%(***), 5%(**), and 10%(*) levels 
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Table 5.10. Shenzhen B GARCH results segmeneted 
This table presents the results of the GARCH(1,1) (equation 2, chapter 4), EGARCH (equation 3-4. Chapter 4), and GJR-GARCH (equation 5, chapter 4) estimations which have 
measured utilized the daily returns of the Shenzhen B market only. The data set estimated has covered the periodized years from 1994 to 2011. This measurement captures various 
characteristics of the volatility exhibited in prices. Standard GARCH parameters are exhibited as the first 3 variables w ° , and ^. GJR and EGARCH introduce and asymmetric 
parameter which observes the reactions of prices to news innovations. Standard errors are reported in parenthesis. Ljung Box Q test values are included in order to account for 
Shenzhen B 1994-1998 Shenzhen B 1999-2001 Shenzhen B 2002-2006 Shenzhen B 2007-2011 
Garch(l.l) EGARCH GJR-GARCH Garch(l,l) EGARCH GJR-GARCH Garch(l.l) EGARCH GJR-GARCH Garch(l,l) EGARCH GJR-GARCH 
u> 0.93*** 0.36*** 1.43*** -5.00*** -0.90** 5.43*** 0.30 0.075 2.24*** 0.10 0.30 3.53*** 
(0.055) (0.070) (0.047) (1.26) (0.38) (0.30) (0.61) (0,22) (0.079) (0.79) (0.24) (0.20) 
a 0.85*** 0.15*** 0.74*** 0.16*** 0.070** 0.21*** 0.15*** -0.0025 0.20*** 0.16*** -0.21*** 0.23*** 
(0.042) (0.048) (0.099) (0.029) (0.036) (0.082) (0.032) (0.033) (0.058) (0.041) (0.046) (0.066) 
6 0.13*** 0.72*** 0.13 1.44*** 1.42*** 1.46 0.74*** 0.93*** 0.73 0.81*** 0.77*** 1.05 
(0.024) (0.050) (-0.025) (0.17) (0,19) (-0.20) (0.25) (0.23) (0.00) (0.22) (0.17) (-0.23) 
y 1.11*** 0.19* 0.33*** 0.17 0.28*** -0.074 0.23*** -0.11 
(0.062) (0.11) (0.047) (0.10) (0.049) (0.065) (0.069) (0.073) 
LL -1831.18 -1829.93 -1831.14 -1364.43 -1367.64 -1361.46 -1800.19 -1800.21 -1800.14 -1652,26 -1644.71 -1646.78 
Q Stat 53.96 63.64 53.30 90.80 181.64 196.95 201.073 220.64 202.12 221.15 469.89 28.46 
Obs 931 931 931 569 569 569 954 954 954 783 783 783 
AIC -3.93 -3.92 -3.93 -4.79 -4.8 -4.77 -3.77 -3.77 -3.77 -4.22 -4.19 -4.2 
SIC -7.87 -9.83 -9.83 -9.59 -12.02 -11.96 -7.55 -9.44 -9.43 -8.44 -10.5 -10.52 
Note: Significance reported at !%(***). 5%(**). and 10%(*) levels 
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5.3 Discussion 
This paper has investigated the characteristics and trends of volatility in China's 
stock markets. This is not a new venture as it has interested researchers for many years. 
China is undergoing such a rapid growth in its financial system and overall economy 
that the transition from a developing to a developed financial system is happening very 
quickly, offering a number of avenues of potential research. While many researchers 
have sought to understand volatility from a conventional perspective, interest in 
behavioural aspects of volatility, particularly using a heterogeneous agent's model, is an 
area in need of exploration. 
Although the literature surrounding Chinese stock markets is not completely 
devoid of analyzing behavioural characteristics, the use of the STAR-GARCH model 
offers a new perspective into the investor behaviour of market participants. Due to the 
nature of data availability in China, a popular variable used to assess investor behaviour 
is the role of investor sentiment. The use of sentiment as an added variable in studying 
asset price fluctuations has been recognized by researchers studying developed markets 
(Delong et al 1990; Baker and Wurgler 2006, 2007; and Barberis Schleifer and Vishny 
1998). Investor sentiment has been found by several researchers to have a significant 
effect upon the volatility of stock prices in China (Kang, Liu and Ni, 2002; Balsara, 
Chen and Zheng, 2007; Lin, 2008; Li and Zhang, 2008). However, China has been 
undergoing rapid changes to its asset markets and understandably has not been seen as 
being completely analogous to developed markets. Thus, the results concerning the role 
of investor sentiment have been inextricable with studies examining China. Conclusions 
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vary as some researchers (Kling and Gao, 2008; Ng and Wu, 2007; Li, Malone and 
Zhang, 2004) have found that investor sentiment does not have a significant role in 
affecting Chinese asset prices, while another group has found that investor sentiment 
does have an important role to play (Wang, Shi, Fan, 2006; Li and Zhang, 2008). 
Investors have a learning curve, and have adjusted their reponses to news 
regarding asset prices. This has been reflected accordingly according to these studies. 
However, due to being restricted by a lack of data, these researchers have defaulted to 
using proxies for investor sentiment, or have constructed their own sentiment indexes. 
These proxies are problematic in that they are loosely associated with one another and 
that they cover limited trading histories. This study has indirectly measured investor 
sentiment without using a proxy or index. This offers new insights into the behavioural 
strategies and dynamics of traders as well as increases the sample size as data 
availability is not a limiting constraint. The use of the behavioural STAR-GARCH 
model not only offers insights into the relevance of investor sentiment on the formation 
of asset prices, but also gives perspective on the evolution of trader behaviour over a 
long period of time since several subsets have been included. This study has found 
agreement with those researchers who have argued in favour of the influence of investor 
sentiment, but has also explored the market dynamics of investor behaviour over time. 
Figures 5.5 - 5.8 marks the evolution of market trader behaviour as how 
investors react to market information and what the corresponding effect on volatility is 
can be seen. This is an important component of this paper as the inclusion of the subsets 
of analysis offers greater insight into the improvement in market efficiency over time as 
well as the constraining effects of market regulation. These results show how 
idiosyncratic volatility has been a component of market volatility in China and that, 
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while markets were previously more turbulent, they have calmed over time as 
innovation and learning has taken place. 
The results in this paper have shown partial support for the hypotheses laid out in 
chapter 3. Hypotheses 2 {non-market risk has contributed to the China's volatility more 
than its market risk) and 3 (The effect of investor sentiment has a significant effect on 
market volatility) can be said to have been supported according to expectations as the 
degree of investor sentiment and non market risk can be shown to have had great 
impacts and contributions to the overall volatility in China. This has been the case in 
the overall datasets of the STAR-GARCH and GARCH models as well as the periodized 
datasets which have been analyzed. While there is partial support for hypothesis 1 (with 
increased financial deepening and sophistication, there is increased volatility), it cannot 
be said to be conclusive as the segmented STAR-GARCH datasets do not support the 
notion of increased financial deepening and sophistication leading to greater volatility. 
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Figure 5.5. Shanghai A Degree of Mispricing 1994-2011. Solid line is the weighting value, broken line is the mispricing. 
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Figure 5.6. Shanghai B Degree of Mispricing 1994-2011. Mispricing is the broken line, weighting Value is the solid line 
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Figure 5.7. Shenzhen A Degree of Mispricing 1994-2011. Mispiicing is the broken line, weighting value is the solid line. 
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Figure 5.8. Shenzhen B Degree of Mispricing 1994-2011. Broken line for mispricing, solid line weighting value 
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5.4 Policy Implications 
The inclusion of the STAR-GARCH model in this paper presents a number of 
new policy perspectives which offer the potential for much richer analysis compared to 
the conventional GARCH models. Policy implications will no doubt exploit the 
advantage of the greater understanding of agent behaviour in asset markets. The need 
for understanding the dynamics and propagation of speculation in asset markets is of 
immense value owing to their involvement in many of the recent global economic 
shocks. The interaction between traders, in particular speculative traders, can provide 
new insights into booms and busts in markets. Exploration of policy implications of 
speculative behaviour is still in its infancy as seen in Westerhoff and Dieci (2006), who 
research the effect of Tobin taxes on speculators. They found that introducing a Tobin 
tax was effective in stabilizing market distortions, whereas a lack of a Tobin tax left the 
market destabilized. This is an effective example of how policy changes can be 
introduced into markets to curb bubbles from potentially creating systemic crises. 
Future research will no doubt provide in depth analysis regarding the effects of 
other policy measures aiming to limit the speculative danger markets may encounter. As 
heterogeneous agent models are still very young, there are still many avenues for 
advancement and increasing sophistication in the modelling of human behaviour. 
5.5 Closing Thoughts 
This chapter has detailed the results of this research paper and placed these 
results within the context created by the results of relative studies. This paper's results 
offer significant real world possibilities for understanding, to a greater degree, financial 
markets and economies. The final chapter of this research paper follows and offers a 
summation of the paper as well as a presentation of directions for future research 
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Chapter VI 
Conclusions 
This study has sought to generate a greater understanding of not only the 
relevance of the market efficiency paradigm in the Chinese market but also behaviour of 
market agents in the Chinese stock market, and evolution of market efficiency in China. 
In order for these questions to be suitably addressed, an analysis using several volatility 
(GARCH) models has been performed. These models offered an evaluation of the 
conventional GARCH models along with the behavioural STAR-GARCH model. The 
analysis, which covered 1994-2011, enabled greater understanding into the market 
dynamics and agent behaviour of the Shanghai and Shenzhen markets in China. 
As evident by the AIC and SIC diagnostic results, the STAR-GARCH model was 
found to outperform the conventional GARCH models in the overall volatility 
assessment. Several GARCH characteristics were also found (informational 
asymmetries, volatility persistence). The analysis of the behavioural model also allowed 
for increased information of market agent behaviour to be manipulated, where the 
findings pointed to several results which run counter to the EMH and overall trends of 
market efficiency. These results have shown that, with the introduction of news shocks 
or disturbances, trading strategies of investors in the B-share markets are more prone 
than A-share agents to react in a chaotic and unpredictable manner. This has been 
relatively consistent despite a number of significant policy changes over the years. 
Although the A- and B-share markets are no longer distinguished by domestic and 
foreign ownership, the divergence in informational reactivity could be the result of a 
number of factors including the degree of informational awareness by market agents, or 
perhaps, more simply, could be the result of tampering with the market. 
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The number of policy changes that have taken place in the time that the Chinese 
stock market has begun to grow is significant not only to the growth of the Chinese 
economy, but also with regard to spillover effects to the global economy. These policy 
changes have been met with volatility swings as each regime comes into play. The 
trending behaviour of volatility in the Chinese markets is an area of interest in financial 
economics as it relates to the issue of the equity premium puzzle which has plagued 
financial researchers for decades. As discussed in this paper, the contribution of the 
heterogeneous agents model and further derivatives of behavioural asset price models 
have the potential for deepening research and offering insight into self fulfilling asset 
bubbles. This is an important area of future research as the need to facilitate pricing of 
volatility risk in addition to market risk can be very beneficial (Han 2011). Due to the 
growing interest in the Chinese economy and the dynamic nature of its markets, it is 
essential to increase knowledge of these issues in the coming years. 
The empirical results of this study as revealed by the STAR-GARCH model 
found evidence of stock market inefficiency with respect to the stock markets in China. 
These results are in line with other studies regarding stock market volatility in China 
(Lee and Rui, 2000; Lee and Chen, 2001; Yang, 2003; Chelley-Steeley and Qian, 2005). 
The study also highlights and offers avenues for further research using behavioural 
framework. While the STAR-GARCH model is a stylized model which allows for 
simplicity and capturing broad agent strategies, the inclusion of new variables such as 
the stock price run up, or trading volume in the market, are possibilities for increasing 
the understanding of volatility. This is a rapidly growing area of research which will 
play an increasingly greater role in the area of asset price research in the future. 
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